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1. INTRODUCTION 


1.1 PURPOSE 

This document presents the design of the eleven subsystem for 
the Shuttle Actuators Simulator (SAS) . This simulator will 
replace the elevon actuator hardware in the Shuttle Avionics 
Integration Laboratory (SAIL) . It will consist of four elevon 
actuators . 

1.2 SCOPE 

The scope of this document encompasses all technical aspects 
for the elevon subsystems. See figure 1*1. It details inter- 
face design, signal characteristics, and system performance. 
Nontechnical requirements are introduced where required to aid 
in comprehension. 
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Figure 1-1. - Functional block diagram o 

Shuttle Actuators S. 
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block diagram of the elevon subsystem for the 
:tle Actuators Simulator. 


foldout frame 








2. MATHEMATICAL MODELS 


2 . 1 DEFINITION OF MATHEMATICAL MODELS 

Four mathematical models are to be used. Two are from Rockwell 
International document SD74-SH-0324A, Deaoriptione and Mathemat- 
ical Models of Aer>o6ux>faoe Actuators, September 1975. Associated 
material is presented in tables 2-1, 2-II, and 2-III. 

2.1.1 FULL-UP MODEL 

The full-up model that is assumed to be complete and representa- 
tive of the hardware is shown in figure 2-1 and is identified as 
model 1 in the Rockwell document. The implementation of this 
model on the IBM* 360 computer defines the baseline data for the 
simulator correlation and checkout. 

2.1.2 TOLERANCE MODEL 

The tolerance model which defines the minimum acceptable standard 
of performance is shown in figure 2-2 and is identified as 
model 2 in the Rockwell document. It defines the tolerance data 
for the elevon simulator correlation and checkout. 

2.1.3 IMPLEMENTATION MODEL 

The implementation model in figure 2-3 is to be mechanized in 
simulator hardware. Its performance is between the full-up and 
the tolerance models and has been implemented on the IBM-360 
computer. 

2.1.4 MECHANIZATION MODEL 

The physical constants for the mechanization model have been 
resolved into resistor ratios. This model is suitable for 
direct implementation on an analog computer. 
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2.1.5 PARAMETERS 

The inboard 3nd outboard elevon models differ only in the value 
of physical constants. All temperature sensitive constants used 
in the mathematical models were selected at the 100** F value. 

Table 2- IV is a list of the values o'" the constants used and 
their class designations. The elevon constants are divided into 
three classes by anticipated adjustment probability. The classi- 
fications are referred to as A» B, and C. The classifications 
correspond to: 

• Class A — Those parameters recognized as likely to change and, 
as such, are mounted on readily accessible and removable socket 
connectors as shown in figure 2-4. 

• Class B — Those parameters recognized as unlikely to change 
but may do so under unusual conditions or circumstances. 

These will be permanently soldered onto the printed circuit 
(PC) board assemblies. 

• Classic — Those parameters defined as definitely unchanging 
and whose values are fixed. These could be elements of a 
transfer function buried in circuitry, constants lumped to- 
gether, or potted modules. Changes to these would likely re- 
quire major circuit design and/or layout revisions. 

Ine plan is to keep the number of class A components at a minimum 
and maximize the number of components into classes B or C. 

2.2 MODEL IMPLEMENTATION VERIFICATION 
2.2.1 FULL-UP MODEL 

It is assummed that this model represents the hardware accurately. 
The program output will be compared with the hardware design 
specification in Rockwell International documents. Four tests 
were run to verify the computer implementation: 

• Actuator stroke limits were compared to table III page 14, 
Rockwell International document MC621-0014. 
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• Velocity gain was compared to the gain requirements in 
figure 5 and table 2 of Rockwell International document 392> 
200-75-340 for actuator loads of 0, 2 x lO^, and 3.945 x lo^. 

• Gain-phase frequency response data were compared to the data 
of figure 4 of Rockwell International document 392-200-75-340. 

• The step response was compared to figure 05.10-2 of Rockwell 
International document MLOlOl-0001-005, sheet 3 of 185, 

Rev. A- 01. 

2.2.2 IMPLEMENTATION MODEL 

This model is verified by three tests: 

• Actuator stroke limits were compared to model 1. 

• Gain-phase frequency response data were compared to model 1. 

• Step response locus comparisons were made to model 1 for 

^e* ^PS* ^L» **L* 

2.2.3 MECHANIZATION MODEL 

The control valve was implemented on an Astrodata Cl -175 

general-purpose, analog computer. The step response, shown 

in figure 2-5, was compared to model 1. 
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TABLE 2-1. - ELEVON SCALING FACTORS 


Factor 

Variable 

Units 

Inboard 

Outboard 

K1 

I 

mA 

8.60 

8.60 

K2 

^FL 

in 

0.0016 

0.0016 

K3 


in 

0.015 

0.015 

K4 

Pi 

lbs 

579.0 

579.0 

K5 

^PS 

in/sec 

62.0 

62.0 

K6 

^PS 

in 

0.065 

0.065 

K7 


psi 

3000. 

3000. 

K8 

’’v 

psi 

3000. 

3000. 

K9 

Pl 

psi 

3000. 

3000. 

KIO 

— 

— 

— 

— 

Kll 


• 3, 
in /sec 

400.0 

180.0 

K12 

Pi 

psi 

3000. 

3000. 

K13 


— 

— 

— 

K14 

— 

— 

— 

— 

K15 

T 

Itot 

in- lbs 

O 

X 

o 

5.0 10^ 

K16 

Pl 

lbs 

65400. 

54060. 

K17 

Tr 

in-lbs 

• 

o 

X 

o 

5.0 ^ 10^ 

K18 

TAERO 

in-lbs 

o 

X 

o 

• 

5.0 ^ 10^ 

K19 

• 

6 

e 

deg/sec 

100. 

100. 

K20 


deg 

36.5 

36.5 

K21 

X X 

R’ STR 

in 

7.320 

4.266 

K22 

^FB 

in 

7.320 

4.266 

K23 

''pL 

volts 

5.000 

5.000 

K24 

V 

XFB 

volts 

5.000 

5.000 

K25 


volts 

5.000 

5.000 

K26 


in 

15.10 

8.80 

i 
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TABLE 2- II. - ELEVON MODEL NONLINEARITIES (NL) 


NL«* 

Description 

Value 

Units 

A 

Servo Amplifier Current Limiter 

±8.6 ± 1.0 

mA 

b''’ 

Torque Motor Hysteresis (Full Band) 

0.029 

mA 

c 

Torque Motor (Nozzle) Stroke Limite 

±0.0016 

in 

D 

Second Stage Friction (Stiction) 

0.20 

lb 

E 

Second Stage Spool Stroke Limit 

±0.015 

in 

F 

Mod Piston Friction (Stiction) , Total/Per Channel 




Four Channels Active 

11.6/2.9 

lb 


Three Channels Active, One Bypassed 

12.5/4.17 

lb 


Three Channels Active, One Hardover 

40.2/13.3 

lb 


Three Channels Active, One at Null/Open 

40.2/13.3 

lb 


Two Channels Active, Two Bypassed 

12.4/6.2 

lb 

G 

Power Spool Stroke Limit 

±0.065 

in 

H 

Power Ram Friction (Stiction) , Inboard 

1470. R(6g) 

in-lb 


Outboard 

1452. R(6g) 

in-lb 

J 

Pressure Transducer Hysteresis (Full Band) 

62.5 

psi 

K 

Eleven Seal Panel Friction (Stiction) 

15000. 

in- lb 


*These letters correspond to the letters circled in figures 2-2 and 2-3. 


■•■b = 0.02 + ^0 • 06^ j 

NOTE: Assume a running (coulomb) friction magnitude at 1/3 of Stiction value. 
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TABLE 2-1 II. - ELEVON MODEL CONSTANTS 


Constant 

Description 

Inboard 
100® F 

Outboard 
100® F 

Units 

Ar 

Ram Piston Area 

21.80 

18.02 

in2 

"e 

Eleven Viscous Damping (Mechanical) 

45000. 

ISOOO. 

in-lb-sec 

'e 

Eleven Inertia About Hinge Line 

9473. 

2663. 

in-lb-sec^ 


Flow Force (Bernoulli) Coefficient 

1 

0.755 

0.319 

in 

’^FB 

Actuator Position Transducer Gain (LVDT) 

0.683 

1.173 

V/in 

*^QPS 

Power Spool Flow Gain 

124,7 

51.8 

in^/sec /TB 

‘'s 

Local Structural Stiffness External to Actuator 

298000.* 

154000.* 

in/ lb 

K.J. 

Total Actuation System Stiffness 

177446. 

128583. 

lb/ in 

•^0 

Pressure Loss Constant 

7.67 

4.24 

psi 

•^1 

Linear Pressure Loss Coefficient (Primary Valve) 

0.107S6 

0.16476 

psi/cis 


Quadratic Pressure Loss Coefficient (Primary Valve) 

0.01765 

0.05228 

psi/cis^ 

■^12 

Linear Pressure Loss Coefficient (Second Stage Valve) 

0.0922 

0.1494 

psi/cis 

•^22 

Quadratic Pressure Loss Coefficient (Second Stage Valve) 

0.00997 

0.0446 

psi/cis^ 


Total Effective Volume of Ram Cylinder 

337.1 

165.1 

in^ 


^Nominal value (tolerance range = 601 to ISOI nominal) 








TABLE 2 -IV 


ELEVON PARAMETERS 


Constant 

Program 

name 

Description 

Value 

Units 

Parameter 

class 


AC 

Area, AP Feedback Piston 

3.00897S 

■ in^ 

C 


AP 

Area, Second Stage Spool 

0.C2761 

in^ 

C 

^PS 

APS 

Area, Mod Piston 

0.1930 

in^ 

C 

8 

BETA 

Hydraulic Fluid Bulk Modulus 

171700. 

psi 

C 

Bp 

BP 

Viscous Damping, Second Stage Spool 

0.0648 

Ib-sec/in 

B 

®PS 

BPS 

Viscous Damping Mod Pistons and Power Spool 

1.386 

lb*sec/in 

B 

Cl 

Cl 

Flow/Displacement Characteristics, Nozzle 

18S.2 

in*/sec 

B 

Cl 

CL 

Power Spool Lcminar Leakage Flow Coefficient 

1.08 » 10* 

in*/lb-sec 

B 


CQ 

Second Stage Flow Gain Coefficient 

4.S9 

in^/sec /TE 

B 

C5 

CTH 

Flow/Pressure Characteristic, Fixed Restriction 

0.0000876 

inVlb-sec 

B 

C2 

CTW 

Flow/Pressjre Characteristic, Nozzle 

0.1096 

in^/lb-sec 

B 

“a 

KAMP 

Servo Amplifier Position Error Cain 

IS.O 

mA/V 

C 

“c 

KC 

Dynamic Load Damping Gain 

1.71 

bA/V 

B 


Kl 

Elevon Aerodynamic Spring Rate 

0-7. * 10’^ 

in-lb/rad 

C 

“n 

KN 

Nozzle Pressure Feedback Constant 

0.000138 

in-lb/psi 

B 

•=p 

KP 

Spring Rate. Second Stage Spool (total) 

1200. 

Ib/in. 

C 

*^PS 

KPS 

Secondary Pressure Feedback Gain (Model 2 only) 

7.479 * 10‘^ 

in-lb/psi 

C 

KpT 

KPT 

Pressure Transducer Cain 

0.00167 

V/psi 

B 


KQS 

Secondary Flow Gain Coefficient (Model 2 only) 

4.9769 

in*-lb*^^/sec 

C 

•'TM 

KTM 

Torque Motor Gain 

0.04S 

in-lb/aA 

A 

'^XPS 

KXPS 

Wire Feedback Gain, Mod Piston to Torque Motor 

6.22 

in-lb/ in 

B 


L 

Power Spool Overlap 

0.001 

in 

C 

^AP 

UP 

Power Spool Effective Overlap 

1 0.00118 

in 

B 

’D 

LD 

Demodulator Filter Damping Factor 

0.707 

— 

C 

S 

LN 

Effective Torquer Inverse Stiffness 

0.01693 

in/in-lb 

B 

Mp 

MP 

Mass, Second Stage Spool 

0.0000683 

Ib-sec^/in 

C 

^PS 

MPS 

Mass, Mod Pistons and Power Spool (total) 

0.00207 

Ib-sec^/in 

C 

^’ss 

PSS 

Supply Pressure to Actuator (nominal) 

5000. 

psi 

A 


RCL 

Power Valve Spool/Sleeve Radial Clearance 

0.0000475 

in 

C 

^DT 

TDT 

LVDT Tine Constant 

0.004 

sec 

C 


V 

Nozzle Spool Volume (both sides) 

0.0838 

3 

in 

C 

''t2 

VT 

Mod Piston Effective Volume (total) 

0.62 

. 3 
in 

C 

"D 

»D 

Demodulator Filter Natural Frequency 

314. 

rad/ sec 

C 


xo 

Flappe'-Nozzle Spacing 

0.0018S 

in 

C 

^PSL 

XPSL 

Power Spool Maximum Travel 

0.06S 

in 

C 

' XS 

TXS 

Second Stage Time Constant 

0.002 

sec 

C 


Note; Adjust and for in degrees (=57.3) 


2Cj(Ap - A^) 

"'qS ■ KpfCjX^ . CjV 


« 19.8099 


Be * 


- 6 

• 7.4791 - 10 " 

rJ> I^i> 


I- • 46.4781 


in-lb 


deg/ sec 
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Figure 2-1 










































Simplified elevon control system (model 2 ). 
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Figure 2-5. - Mechanization verification. 






3. INTERFACE REQUIREMENTS 


The four interfaces that have been established for the SAS are 
shown in figure 3-1. These are the interfaces between the SAS 
and the Shuttle Dynamics Simulator (SDS) » between the SAS and 
the Test Operations Center (TOC) (via J-box 3), between the SAS 
and the Aerosurface Servo Amplifier (ASA) , and the checkout 
interface which is used for functional checkout and maintenance. 
The cables required to complete these interfaces are shown in 
figure 3-2. 

3.1 GENERAL REQUIREMENTS FOR BUFFERING 

3.1.1 OUTPUT SIGNALS 

All SAS output signals except ASA-related signals will be buffered 
b> isolation amplifiers. All output from the SAS to the ASA will 
be transformer isolated. 

3.1.2 INPUT SIGNALS 

All SAS input signals except ASA-related signals will be buffered 
by differential amplifiers or by optical isolators. All SAS 
inputs from the ASA will be buffered by differential amplifiers, 
optical isolators, or transformer coupling. 

3.1.3 GROUNDS 

No external signal grounds will be referenced within the sub- 
system. All signal ground paths will be isolated by appropriate 
devices to prevent any ground connection within the subsystem. 

One and only one ground reference within the subsystem unit will 
be brought out of the chassis. This ground point in the sub- 
system unit will be available for reference to the SAIL single- 
point ground. The equipment ground reference will be connected 
to the SAS chassis. See figure 3-3. 
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^.2 ASA/SAS INTERFACE 

3.2.1 GENERAL DESIGN 

This section outlines the general systems design of the inter- 
face. The detailed circuits are presented in section 7, 

Detailed Circuit Design. 

3.2.2 CONNECTORS 

The interface for the ASA/SAS will be four 66-pin connectors. 
There is one connector arranged to connect directly into the back 
of each elevon chassis. See figure 3-4. 

3.2.3 SIGNALS REQUIRED 
See figure 3-5. 

• Input 

Servo valve — four required 
Isolation solenoid - four required 
Excitation 400 Hz 26 Vac — eight required 

• Output 

Position transducer — four required 

APs differential pressure transducer — four required 

APp differential pressure transducer — four required 

3.2.4 SI GNAL CHARACTE RI ST I CS 

• Input 

Servo valve — 1100 ohms (0) and 6.0 henrys (H) inductance 
and 3300 picofarads (pF) capacitance in parallel. See 
figure 3-6. 

Isolation solenoid — 75 0 and 400 millihenry (mH) inductance 
in parallel with 3300 pF capacitance. See figure 3-7. 
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• Output 

Position transducer — Position transducer output is trans- 
former isolated from SAS subsystem and is a 400 Hz amplitude 
modulated signal. Reference will be from the ASA 400 Hz 
excitation power. Null voltage will be 100 mV rms or less 
and phase shift between excitation and output will be ±6** 
maximum. See figure 5-8. Phasing is positive for trailing 
edge down. 

Differential pressure transducer — Differential pressure 
transducer output is transformer isolated from SAS subsystem 
and is a 400 Hz amplitude modulated signal. Reference will 
be from the ASA 400 Hz. Null voltage will be 100 mV rms or 
less and phase shift between excitation and output will be 
±6* maximum. See figure 3-9. 

3.3 J-BOX 3/SAS INTERFACE 

3.3.1 SIGNALS REQUIRED 

• I nput . There will be an analog initial conditions (IC) signal 
which will be generated in the TOC. This signal will be used 
to control the signals 6^ and Xpg for each elevon subsystem. 
There will also be a discrete input which will cause an inte- 
grator in each elevon actuator subsystem to switch from "IC" 
to "Operate." There will also be two fault lines from TOC to 
the SAS which will cause insertion of fault conditions in the 
SAS. Fault insertion is discussed in section 4, and initiali- 
zation is discussed in section 6. 

• Output . There will be four rate signals, one from each elevon 
sent to the TOC via J-box 3. There will be four position 
signals, one from each elevon, sent to the TOC via J-box 3. 

See figure 3-10. These will be analog signals with 0 to 5 V 
amplitude. 
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3.3.2 SIGN.\L CHARACTERISTICS 


• Input . All discrete inputs will be transistor-transistor 
logic (TTL) levels capable of driving or sinking 25 mA. See 
figure 3-11. All analog inputs will be 0 to S V nominal with 
tlS maximum input voltage at the SAS. All analog input signals 
will be via differential amplifiers as shown in figure 3-12. 

• Output . All analog signals will be via an isolation type 
amplifier to prevent ground loops. 


3.4 SDS/SAS INTERFACE 
3.4.1 SIGNALS REQUIRED 


3.4. 1.1 Position Signal 

A position signal from each eleven is required for use in the 


SDS. 

^ERO* 


The panel positions are labeled SgLO* *^ELI ’ "^ERI ’ 
See figure 3-13. 


and 


3. 4. 1.2 Acceleration Signals 

Four acceleration signals are required, 
eleven panel accelerations — ^ 

figure 3-13. 


ELI ’ 


These are the four 
^ERI’ ^ERO' 


3.4. 1.3 Hinge Moment 

SDS will provide a return signal to SAS which is proportional to 
the hinge moment for each eleven - ^HERI ’ ^HELI ’ 

Mhelo* figure 3-13. 

3. 4. 1.4 Simulated Hydraulic Pressure 

An internally generated adjustable reference voltage will be 
used to set the system hydraulic supply pressure; however, 
provisions will be made for the eleven subsystem to accept an 
external voltage proportional to the system hydraulic supply 
pressure. See figure 3-14. 
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3.4.2 SIGNAL CHARACTERISTICS 

All input and output signals will comply with paragraph 3.1, 

General Requirements for Buffering, 

• Input . All analog input from the SDS will be ±10 V nominal 
amplitude with ±1S V maximum amplitude at the SAS interface. 

• Output . All analog signals output from the subsystem units 
for use in the SDS will be ±10 V nominal amplitude with ±15 V 
maximum amplitude. 
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Figure 3-1. — Overall interface diagram. 
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Figure 5-8. — Position transducer. 
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Figure 3-10. — SAS/J-box 3 interface. 
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Figure 3-13. — SAS/SDS interface. 



Figure 3-14. - System hydraulic pressure. 
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4. FAULT INSERTION 


The capability to insert faults into the eleven is limited ;.o 
those faults which will be detected by the redundancy manage- 
ment system. Faults which affect only eleven performance and 
are not detectable by the redundancy management system will not 
be implemented. Because faults are detected only via the eleven 
feedback to the ASA» any detectable fault will result in a 
significant change in some feedback parameters. 

4.1 GENERAL 

Fault insertion capability will be provided so that two faults 
may be remotely inserted in groups of two, with one fault labeled 
or designated as Fault Set 1 and the other as Fault Set 2. The 
eleven subsystem will contain manual switching circuitry to 
allow selecting: 

• Faulted channel (see figure 4-1) 

• Fault location 

• Fault type 

• Fault order 

Fault capability will be as follows: 

• AP Primary feedback (four channels) 

• AP Secondary feedback (four channels) 

• Position feedback (four channels) 

• Isolation (ISO) valve (four channels) 

The types of faults to be provided are ± hardover, zero, and open 
(ISO valve only). 
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To have a well defined identification of each fault, a maximum 
of two sets of faults will be located and classified at a given 
time. Faults will be distinguished as Fault 1 or Fault 2. 

All fault request input data will be entered locally at the SAS 
by positioning switches on the fault insertion panel as depicted 
in figure 4-1. 

Using one or both of two possible fault selection lines, TOC 
may initiate fault sets remotely as required. The order of 
the selected fault set level will be selected by TOC. It must 
be manually selected at the actuator subsystem. 

Secondary faults will not b^ allowed. A secondary fault is 
defined as one t Mch exists as a result of a previous fault. 

4.2 CONTROL INTERFACE 

4.2.1 SUBSYSTEM LINES 

Two lines will be provided from the TOC for each eleven. One 
line will correspond to Fault Set 1 and the other to Fault Set 2. 

4.2.2 LOGIC "0" STATE 

A no-fault condition will be defined as a logic ” 0 " state. The 
fault will be activated by setting the desired fault line to a 
logic "1" state. The ISO valve fault will require manual opera- 
tion of the ISO valve switch at the selected eleven subsystem. 

4.2.3 CLEARING FAULTS 

Clearing of faults may be accomplished by: 

• Setting the fault line back to logic ”0” from TOC 

• Setting the order switch to "no-fault" or resetting *"he 
master fault enable switch 
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• Resetting the ISO valve switch to normal (for the ISO valve 
fault only) 

4.2.4 MASTER FAULT ENABLE SWITCH 

A lockout switch to prevent inadvertent fault insertion will be 
provided. This will be implemented with a master fault enable 
switch on the subsystem in which the fault is to be inserted. 
This switch must be set to "enable** before any faults can be 
initiated. This switch will not affect operation of the ISO 
valve fault switch. 

4.2.5 FAULT INSERTION LOGIC 

Figure 4-2 shows schematically how faults will be inserted into 
the eleven subsystem. All faults except the ISO valve fault 
will be inserted into the appropriate circuits. 
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5. MAINTENANCE 


5.1 MAINTAINABILITY 

The eleven will be partitioned on a function block basis to 
facilitate maintenance. Recommended spare boards and parts will 
be provided at the completion of the detailed design phase. 

5.2 INTERCHANGEABILITY 

a. Subsystems will not be interchangeable except for like units 
(inboard for inboard, outboard for outboard). 

b. PC cards will be interchangeable on an identical function 
basis within a subsystem. Some cards will be interchange- 
able across subsystem lines (e.g., mod piston driver, buffer 
cards). See figure 5-1. 
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Figure 5-1. - Mod oiston driver. 
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6. SUBSYSTEMS INITIALIZATION 


The eleven subsystems will be initialized by either the Flight 
Systems software via the multiplexer-demultiplexer (MDM) or by 
the TOC. Initialization from the TOC will place an initial 
condition voltage on an integrator in each eleven actuator 
subsystem. The "operate" signal will be from the mode control 
via the TOC/J-box 3. The initial condition signal, IC, will be 
inserted into the integrator as shown in figure 6-1. See the 
discussion under section 3.3.2. 
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Figure 6-1. — Suhsys 
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7. DETAILED CIRCUIT DESIGN 


The electronic circuitry shovm in this section includes the 
interface circuits to the ASA, to TOC via J-box 3, and to SDS 
via the Shuttle Interface Subsystem (SIS). Also included are 
the schematics for the pressure/position transducer simulator 
actuator and part of the fault insertion circuitry. 

7.1 GENERAL REQUIREMENTS 

The interface circuitry will be designed to meet the signal 
requirements of the system/subsystem with which it is inter- 
facing. These include transformer-coupled signals, buffered 
differential output signals, high- input impedance input ampli- 
fiers, and optical isolators. The signal levels and character- 
istics are discussed in section 3. 

7.2 INTERFACE CIRCUITRY 

7.2.1 HINGE MOMENT INTERFACE CIRCUIT 

The hinge moment will be supplied to the SAS from SDS via SIS. 
The interface circuit is shown in figure 7-1. The signal will 
be a diffeiential ±5 V. The differential signal will be 
received at the SIS/SAS interface with two unity-gain follower 
circuits, converted to ±5 V single ended, then amplified to 
±10 V a> required by the SAS. 

7.2.2 INITIALIZATION INTERFACE CIRCUIT 

The initialization signal will originate in the TOC as a 0.0 to 
5.0 V full scale analog signal. The SAS circuitry requires 
±10 V full scale, so the interface circuit will include th 
level translation as well as the isolation circuit. The circuit 
X7 shown in figure 7-2. The input will be received with two 
voltage follower circuits, then go to a differential input, 
single-ended output, unity-gain circuit. The signal will then 
be offset and amplified to ±19 V full scale single-ended. 
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7.2.3 RATE/POSITION INTERFACE 

The rate/position interface to TOC will require level transla- 
tion from ±10 V full scale to 0.0 to 5.0 V full scale. The 
circuit is shown in figure 7-3. The first amplifier will 
attenuate and translate the signal to the proper level. It 
will also invert the signal so a unity-gain inverter will be 
added to achieve the proper polarity. 

7.2.4 TYPICAL TRANSFORMER ISOLATION INTERFACE 

Transformer isolation will be used in the transducer interface 

circuits. The 400 Hz reference from the ASA will be transformer 

coupled into the SAS. Position feedback, A? , and AP will be 

s p 

transformer coupled out of SAS to the ASA. Figure 7-4 shows a 
simple block diagram of the circuit. Figure 7-5 (SAS1003S) 
shows the Pressure/Position Tr iusducer Simulator Actuator 
schematic. The circuit will include a provision for fault 
insertion through a complementary metal oxide semiconductor 
(CMOS) switch U-4. 

7.2.5 ELEVON SERVO VALVE INTERFACE 

The eleven servo valve interface will receive the servo drive 
current from the ASA. The input signal will be a current loop 
of approximately ±8.6 mA. The voltage developed across the 
470-ohm resistor will be applied to the input of a high- imped- 
ance amplifier (see fig. 7-6). The output will then feed the 
SAS. A schematic (SAS1004S) of the circuit board with four 
channels is shown in figure 7-7. 

7.2.6 ELEVON ISOLATION VALVE INTERFACE 

The eleven isolatic.n valve interface circuit is shown in fig- 
ure 7-8. The S' nal will originate in the ASA; it is referred to 
as a dc command signal in the Interface Control Document (ICD). 

It will be a nominal 28 V signal. It will be optically isolated 
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from the SAS to maintain the grounding isolation as required 
by the SAIL program. See figure 7-9. 

7.2.7 POSI . 'ON/ ACCELERATION INTERFACE 

The position and acceleration interface is shown in figure 7-10. 
The signal flow will be from SAS tc SDS via the SIS. The SIS 
interface will require ±5 V full scale differential. The inter- 
face cir'.uit will attenuate the ±10 V single*ended signal from 
SAS to the required differential level. 

7.2.8 OPTICAL- ISOLATOR INTERFACE 

The optical- isolator interface circuit is shown in figure 7-11 
for the mode/fault insertion control signals. This type of 
circuit will be used throughout the SAS for interfacing input 
signals of a discrete nature. The mode control circuit is 
shown in figure 7-12. When TOC initiates the start discrete, 
the "Q" output of the flip-flop will go high, which in turn will 
close the switches for initialization (not shown). The circuits 
will remain in this initialization state until TOC sends an 
operate signal. At that time the flip-flop will be reset, the 
"Q" output will go low, and the initialization switches will be 
switched back to the operate mode. 

7.2.9 FAULT INSERTION 

The fault insertion is schematically shown in figure 7-13. 

The fault insertion control circuits are shown in figures 7-14 
and 7-15. There will be two fault types. Fault 1 and Fault 2, 
initiated by TOC. Fault switching will be set up manually by 
toggle switches on the SAS front panels. Then the system will 
be ready to be initiated by Fault 1 or Fault 2. There will be 
separate switches for each of the four channels per elevon. 

This will allow all four channels to have either Fault 1 or 
Fault 2 initiation exclusive of which fault enables the other 
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channels. Faults will be inserted into and position 

either individually or together as chosen by the manual switching. 
However, in a given channel, only hardover (+) , hardover (-), or 
zero will be allowed in a given fault setup. 
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Figure 7-2. - Initialization TOC/ASA interface. 






OF FOOB 






-10 


150 kn 


150 kfJ 





Figure 7-6. - Eleven servo value ASA/SAS interface 
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Figure 7-8. — Eleven isolation valve ASA/SAS interface 
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Figure 7-11. - Optical- isolator circuit (typical") mode/fault insertion. 
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Figure 7-15. — SAS/TOC interfa 
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-SI6N<CL»XP«L rM)*<PS>P|.«alGN ( I ,0 »XP«L!m) ) / (L ♦ AMS ( X‘’SL 1 ‘i) > 
OFfCLa A8 SUPSI.tP)«iA>» 

FOOL a FCNSwtOPCCL* JLL* CLM# CLh) 

ft 

♦ BAP PISTON OYNAPiCS 

• 

OXRs OL/AP 

XR a LIPt <CX(;*.S.4A2*3.U<90I 
XTCTa XP-XS7P 
FtOCTa kT«XT0T 
bl»floot/ab 
MRa«Fr.EN<POPEN7.:;eLF«>) 

TRsNRaFLOfT 



uFlF^=OFLP*KL 


> 

I 

O' 


» Twf FrLLOWIN<: PMcCPri^E roF'f'UTF^ TF-E 7Cf(>L Ir^iCnP I^^Lc..iI^(J 

• ThE effects of 4CTt/>Tc*< sTicnoh. elfvc'» sTicnoN, 

WLFls RLE«MH 

PWOCFrUPr TTOTa S T TC T N «PnELEC .uAFBK , TE LK ,f.CF 1 , TW , T AF*^(; . M 

titbits I:EL^♦R|Fl 
71= Tk* 7 AFRC-nEf F" 

T?s FCNS»(DXFt}K, FlEl*0.u*RLi’-n 
T3c FCNSW (COELPr»-DELK» J,0*i)tLK> 

IF(DXFPK ,^F, 3.0) GO TC POO 

IF (OCELFr ,NE. O.u) t'U ?C 12 ^ 

• TC MERE tF OXFhk.EO.C ANC CUFLE ),FC,0 

TTrr* CFaC 5P<-TLI-'TT,»LI»'I».T1) 

GC TO 40b 

• TC HFRE tF IIXFHK.EQ.C ftNC COELE'j.NE.O 

l^v> TTrTs CE«CSP(-RLEi»GLtl»n-T3) 

GC TC <*0r 

^00 continue 

IFlOCF.LFr ,NE. O.J) OC fC 30 i 

• TC HFHF iF nXFHK.^F.O ANC Ci>r.LF m . EC , 0 

TTcTs CF/‘nSP(-iiFL''»r.FLK,Tl-T 2 ) 

GC TO 400 

• TC HFRE tF nxFUK.NE.C ANC CoeLEIi.NE.O 

TOO TTCTa TI-T2-T3 

400 continue 
enoprccehcre 

odoeles<ttot-(mf#coel ;» »/tf 
nFLE.OnELE* L I»? (OOO.-.LE «-0 .4 J TO**"; . «',37l?<,S) 

OFLFIisOFLF*R4D 
OOELEO a UCELF.aPAI' 

STR a AFGENIRTRCKF «UELtO> 

XSTR a STR - l.17#«0 
XKSaFLOOT/KS 
XFPKa XSTfi ♦ XKC 
OXFEKaOEHIViO.O.XFMK) 

» 

• CELTA-PL TRANSCJCFC AnO «SA OEmCCCLATOB 



PL»<>S1= hSTbSS (<’,C 
VLPCTs PLhYST*KcT 
YL * «E4tPL UC.TCT» VLOCn 
vWDCOr= 

Vtos cmpxplc iCt TC*Ln«MOt vmnrui ) 

VKI» LEnLaO(7AUr»nCfT«UC*Vk> 

VK?aPEALPL (iCtTAUC «V«)) 

VK = VKl - VK2 

» 

• POSHION THANSOUrEP AKO ASA i>EimCCLi A TOR 

• 

LVmD= KFe*XFHK 

Lvm* PEALPL< Ir •IDTtLVOrn) 

V7nCUT= <iC»l*0«Lvn7 

VZ = C*'PxPL(1C.IC»L’-7»>'0»V7C'>OT) 

• 

♦ CELTA-PS TBANSCUrEP ANU ASA rtt*ODLLATOR 

VPSCOT* FCA*KPT*Wt«WU 

VPS s CPPXPL(IrtIC*Ln«Mi>,VPbOOT> 

TE>7MIKAL 
METHOD RKSFX 

TIMER CCLT«0.0040S.CLTC£(.«O.OOS«PRCEL30*010*FINTIMs2.0UL; 

RANGE VCA«IA«IL 7va . TCHSA « TCA«E T A*QNA «CXA *C2 A «oKA t , . . 

FOPA«FrRTA*XcAFSK*FORCEA«XSALlP*CASALM,... 

FSP«Py«*C(JA»rXSAl.*'*<lSA«XCAtFA»PCA*FHF iCOOLFtF ToT » aPS» iaPS«,,, 
XPSLIP*PS»PV,Cl ♦xR»XTOT.Pt«TR* fTCTt... 

COELFC»OELEO.XSTP»XKSf XFE^♦LVCT♦VZ♦PLnYST♦VL^VWt VA 
LABEL 625/.T4-5A79 ELfVCN ACTOATCR f'CCEL 1 ll.i'r.Zb 

LABEL S»'«U. SIGNAL FHEGLEPCY RESPCNSfc 

OUTPUT CELE0»CMC£LE 

OUTPUT ILIMAtCXFRH 

LABEL ELEVON POSIT ICN OEGREE^ 

OUTPUT COFLEC 

LABEL ELEVON RATE JEGPEES/SFCONC 

OUTPUT ILIMA 

LABEL TOROUER MCTrR Cl»*<RE'^T NILLIANHS 



OUTPUT 

J'PSLIf' 



LA^JEL 

POWER SPOOL PnsiTIC't INCHED 


OUTPbT 

CL 



LA^^EI. 

load flow cubic IinC^-F-j / 

SPCCi^r 


output 

PL 



LABEL 

LOAD PBESSUuF LnS/SCLAht 

lACP 


OUTPUT 

PSL 



LABEl 

CROPPCr SUPci T PBESSUPF 

LP‘^/30UARF 

INCU 

OUT -JUT 

POA 



label 

SECONCAWY OflTA PBESSUCt 

FEECBACK 

LOS/SOUA*-^ 

OUTPUT 

STR»XF'3K 



LABEL 

ACTUATCR PCcTTICP. INCPPS 



LABEL 

A'TUATfR PCcIIICM EEECFACk 

I ''1C BE 1 


OUTPUT 

XSALIP 



LABEL 

SECONCARY V-ILVF POSITIC'X 

INCBES 


PPINT 

vca*xsalip* xr A *uxps* aps»*r»od6lfc •dflp'' 

.V7 

END 




STOP 





> 

oo 


K ( , r*’ 



/•''PEND IX B 


MODEL 2 LISTING 



ORIGJVAi; PAGE IS 
or pvx : QUALITY 


IITl*’ h?5/34-5<»/9 FLEVO\ ►CUfeL -* ll.eS./S 

• |m».leM|.MT 4T ICN kCriL FfitQl.F''tCy ‘•►Sr'ONSr 

• M\C«0 FOP FIRST rROFU LIMITMJ I.s tE«»^A^ JC 

• fcOff • This OM.T Tl-t I^>*tlT <JT IHF lurtO'^ATO**, 

• THF CuTPi T MtST LmTEr a ^JSOMT SECTICm, at 

• Thf PCCInNING CF The ijynakIC SECTION, 

macro T a LtNTG) <fC«VOOT«tJLlN*HILl*') 

PROCFCURE OYCI a L tp I ( Y *TDC I *LCl. IP *»• IL I -^T 
OYOT a YCO’ 

IFIY ,LE. CCCIMt OYOT a APAAl <0,')*ViJCT> 

IFIY ,GF. MIUP> OYOT a AP |N U 0 . 0 . YUOT » 

ENOPPCCEOERF 

Y a IKT6RI. «Ir*CYrTI 
£NDM< -<0 


• MAfRO FOR «£C«IN0 CMOtw Lf»>Ilk(J INTtGRMCR 

• nOTF - TPIS MACeC ONLY LIMITS fPt INPUT Ic THf INTEG.AICiS, 

• TPF CUTPi T? POST -iE Ll^'Pki: I y A .nORCnT SfCinu A I 

• TP« HEGIknTnG of The uynap|C StCTlCk. 

• 

CRO Y*VOOT a LlKTG^Mi:i*Kir0T,YCCCT »LCL iPyPlLlP) 

PPOCECURF OYCTtOiJYDT? a L IP^ ( Y , YCOT t YPC'JT t L OL T^ ,HlL Ip » 

OYOT a YOOT 
J?YCT?a Yf*DCT 

IFIY ,Lk. LCLIP> r,0 TO 10 
IFIY ,LT. hlLIP» GC TO 11 
OYOT a APlM lU.O* YOOT) 

'J2VC1?« AvIM (0,0«YOOOT) 

GO TO IT 

)«> n>'PT a A»>Aa I IO.At''OOT ) 

02rCT?a APAil IO.O*YOUOT) 

11 CCNTINOF 
? N'JPRCCEOLRF 

YOCT a INTORL ( TC10rT«02Yl)T<; I 
Y a INTCRLIICI* OYOf ) 

£NOu^(,R0 



B-2 


INITIAL 


€LFVOK «CTU/»TfM - pM ''0)1:1. 

EtEVO^ ACTU^TCR - I«P|,t»'CM * M0^ "roFL 

ELEVOK tCfUATCP - ION wccEL 

ELEVO^ PCTU-iTT»* - iHPLc.f'CMM IWN --iroEl 


*••• CO^STAKI* AMO rl;^^.TICMS ABE ECS iKt Otl'iCAWn ACTliAljM 


co.<*»r 

Ap»3.7AlP-;»* 

APSa|«NjuF.*l* 

ANalH,02 

CO>-iST 

EL il.SooEM. 

HtTAal.TlTA.S* 

HPSal . 

CO'^•i^ 

CLal.JPOC'P* 

COUt.all.P 


CONST 

COaM.SSO 



CONS 

CClEIK«1.U00 



CONS 

rRAM«I.5S.)EA. 

r rAPPP|,A52€3 


CONST 


HHtal*eSCi2 


CONST 

IE«2.6A J€3* 

Itafl.PUOCO 


CONST 

KAsl.SOOCl 



C0NS1 

KASA»0.3S271a« 

KH«3*19oE"3« 

KCal .7|bfc^ 

CONST 

PUCLE-1.0 



CONST 

PER«|.W3Eo« 

HMS«7«m7S1/F-p« 

APTal,f,7.)f1 

CO <ST 

KNPSaS) .Pit* 

KNS*A*N76S* 

«Sal J 

CONST 

PT«K2hSA£S* 

K!M«4i.S00E-?« 

KXPSa6.22 EU 

CONST 

MO«A*2AOEO« 

Kla| «n«76E«) • 


CONST 

P1?«1.A9aE*I, 

H22aA*M60E«2 


CONST 

L«1.0C-3« 

CaPal.lOOE-3 


COOST 

LN«1.6S3E«3f 

LAPSaM«SP0Eo2 


CONST 

»»PS»?.tfTot-3, 

P^SaT.dtfOCI 


CONST 


PAa(tS.o«2 j.OfSS.O) t 

PSa;,.0 

CONST 

BAD«S7,2PSS 



CONST 

!AERO»0.0o« 

TAUCa|«OOOE-l t 

TftTa4|,o JOk -3 

CONST 

VT?«P*200E«l. 



CONST 

20Sa1.000e»3. 

2USa| vOOUC^S* 

2ET4ra7* JTDF- 

riiACTlCN mc^eat • 

<-3M«S«7.7PT) * <-3S,0» 

7 • ABM ) f • • • 



«*u 
«•» 
• «« 


I 



ORIGINAL PAGF: LS 
op: poor QU^VLITi 


00 




•Jf H 

D • ^ 



<-5.00»H. /6/) . 
< )0. Jt‘^.307) , 


(-2‘’,Q»(»,6 tl) « 
(-1 J.0t-1,Fs>0) * 

( M ) « 

t IS,0»‘i.O*M» 


c -2 ».o,'j.A6n . ... 

( S.O0» 1,S17> • ... 

( 2<i.Ct /. 740) * ( 21 


■5 » 7 . O i*) ) 


^^j^CTICN stroke 9 (-i6.Sf ><1.26^) t (-3b.0f4.06) > t. . . 

<-TO.O»-l. J5fi) t (-2S,0»-2.o?t!) t (-2U.0*-) .660) ,.. . 
(-IS.O.-l.llo* (-1 '.0*-0.^5?) t(-7.70S«O.000)«... 

(-S.OOt n.<ile)«( O.OO* ).176)t( S.OO* I.S?7)«... 

( 10. 0. ?.66)|«( IS. Of 3.J7S)*( 2>i.0« 4.064)«( 21. S. 4,260) 

0Y>4AMTC 

MOSOrtT 

X0» LIMIT (-LXPS,L*PSt*0> 

XPS» limit (-L<P« ♦t.XPStXP's) 

XR» LTMIT(-S,445, 3.0S0* XR) 

OELE» LImIT(-0.k 37O4S,O. J/524S,i:eLE) 

SORT 

» 

• AS* INPUT *60 TOROi EP MOTOR 

• T)-E ASA OUTPUT IS R*TE LIMITFC TO 2) CtGREtS/St CUM) 

CMOELE* C6LE lN«e IKF (PifP4,pe ) 

OELINC* AFGEN(StPCKE*CMO&LE> 

VCI ■ <0ElI6C-1,I76)«KF8 

lAs (VC1«V7»*KA « VK 
I s LIMIT (-lL«fl*lA> 

6 « 0.02 ♦ »0.l6//.6)«*Pb(I) 

ILIM* HSTHSS(0.0«-M»6* 1) 

TC a KTM*lLlM 

• 

a flapper and second STAGE YALVE 

a 

ETA a TC - XPSaPl • KXPbaiiPb 
AQL a AHS<QL) 

PSP a PSS - (K"*K l?aAOL»K22*AQL«AC.L) 

PVS a PSP - PlaSIGMl.Ot *S» 

XFAa L1MIT<-0.0*1E«0*0016«ETA*L6) 

XSEa XFA»kOS 



aSP« kPS*p1 

AS* LIMIT (-O.OlB* ,.nlS»A3P-*>P) 
oSAa xS*Cr*S iGNfSCPI (tHS(DV?»)»PvS) 

Acn» oSA/AP 

AO* LINTGI <0>0t «CC ««LAPSfLAF>) 
f !■ 4,0»HFTA*4Pe«AMS»<AU-*PS) /Vl5 
PI s Fl/APA 

» 

» yen P1ST0.\ rVAAMlrS 
» 

PS « PSS - (K0*KI*4LL*A<?*ACL«ACL » 

PV a PS - PL«SlOA ( 1 •'»! APS) 

APSeSPa CFACSP(-L*L.XPS) 

FflPa PV»KP»XPSRcP 

• fKt PCLLO»I^G Tar STaT m£,t« L';mFLIP ThF iTICTIOn 

rcriLi* nEAUSP/-coLL»cc>JLt (‘♦.o*F n-) PH) 

FCOUL a FCNSa(»P5(,,-COUL.FfwijLl»CCU.) 

FTCTa (<i.«F|) - FFP - FC’J'JL 
XPSCOa (FT07-PPcaAPSi;)/MPS 
XPStXPSCa LINTa?( 0.«« U«0« APSCCt -LAPS* I APS) 

• 

a ICAO FLOW £CuA7If»c 
» 

Zl) a OEArSF (-7 pS./C‘'»APS) 

ZL a LIHlTCZLSfZLS.AP'i) 

• IMPL ICn LOOP Few 0» 

01. a ImPl .Fr.iji.) 

Ai)|. 1 a AHS<0|. ) 

PS) a PSS-<A0*(Kl*K2*AGl.n«A(,Ll) 

PV) a PSI - Pl»SJGN<I,0« *F->) 

)PAF la Kr,PS«?t)«< ION (SORT ( APS (PV I ) ) *Hy )) 

Ot.AMa 2,0«CL» (P< 1«ZL-LAP«FL) / (L ) 

POOL a U.AMl* rPAPI 

)PAC a FeP«*70aSir»N(S0«I (AFs(PV ) ) »PV ) 

•JL4^ a ^,OACL«^PS aZL-LAP*FU / (LAF**^-7(,«a^) 

» 

• PAA PTSTON 


APn a UL/AP 


Fr <r.t- 



• 3 J 

I 

t-n 


A«» LINTGI (O.Ot»RCfS.4H<*«3.v>90> 
r\. • KT«IXR«xSini 

»’l » 

'1R« AFGEMmCMEM tCDb'Lt ) 

TR X MR*FL 
TCELE » C£LE*KrFt.F 

* ThF FOLLOWI^r• PRCCPOLHC CORPtHFb THE TCTaL IORCUF INCL0.-» I -iC. 

* TF’=; CFFfCTS OF AC^VjATrW STlCtlON ANt ELEVC”« STlr^O^., 

FFXFMn FTXFH*I»R 

PHOCEC'JRF TTOTa ST fCTN (OELtO .XF HU t Ffi Ap. tFF Xf- B , TMt f AErO. lUFLr ) 

TLIKIT" FBAR*Fr»FF 
rix TR*TAFRC-70PLE 

T?x FCNSw(XFHn«-FFXFH«0.vi«FFXFM) 

T3x FrNS«»(UELEn«.FRARtO,l>tFRAH) 
lF(XFHr ,NE. 0.0) 6C TC *!') 

IFiDELEO .NE. 0.0) C-U TC I? 

* TC HERE IF XFMO.E-J.O AnC CEL£0,fc.;,0 

TTCTx CF#C«P(-TLlHn,lLI»'ll.Tl) 

GC TO 40 

• TC HERE TF XFHT.EU.O ANC TELEO.NF.O 

12 TTCTa CE40SP(-FFXFR«FFXFR* n- f3) 

GC TO 40 
20 COnTIKLE 

IFJOELED ,AE, J.O) GO TC 30 

• TC HEME »F XFHD.Nb.C AKC CfUE0.e.(5,0 

TTCT» CE«n«P(-FRAM,F. AM.U-T?) 

GC TO 40 

• TC mfR£ »F XFHtJ.NE.O AnC rEtEO.ivF.O 

30 TTFT* T).T2-T3 

AO continue 
ENOPHCCEOCRE 


DELEO a REALPi (C.0*IE/3E*TI0T/HF) 

OOELEDa OFLEUaRaO 

DFlE* LIKTGI <0.''*CELEn*-0.03 <i)ASfj.3TS2A3) 

OOELE a rELF.aRxiJ 

STR a AF6EN(STeCNE«00ELE) 

XSTB a SIR - 1.I7A0 



00 

I 

O' 


Xf n * XSTW ♦ f\ 'US 

XF»*C s CF«I V ( 0 ,U • XFH I 


• rw/» 'isPLcrHS 4NT r:F*>rroL^iOKs f>j?pcT»- 


VX s HFAlPL (O. r t tot * aFH^KFF ) 

\I7 a Cppkpl to.'’ »i .o» tT<wi«v»i>»v**i»r*;<n) 

PL^ * hST«Sb(0.0»->*PL»HPL.Ft» 

VPl S' REflLFLC0,0*Tn»»PL«**<F I » 

\/m s c»'P«PL<o.ii«i.o»^ETiM).hij.vPL''i»n*wn) 

VK1 s LECLA(»(TcLC*kC.TAuC*V ') 

>IK? a BEALPL( 0 ,f»»TA'»C»V^' 

VK a VKl - VS5 

terminal 
mEThOC hksfx 

TI-<FM rELT»0,00'IOS,CLTnEL«0.0 0^ tPPCELsJ. ) I '' > F IM .jO ' 


;)Ai'iGE 


LAHtl. 

LA*iEL 

nuTPIT 

lahfl 

OUlPt ^ 

OUTPUT 

LAdEL 

OUTPUT 

LAHEL 

OUTPUT 

LAHEU 

OUTPUT 

LAdEL 

output 

LAdEU 

OUTPUT 


>0,XPSr,xPS,»B,iiEL:'. »VCI .V'l.VK.TA' i«1LIm*TC.FI,P 1.... 
ErA»nCFL6»STc,)iST»'«FLtPL»-tU»^l.«CL« AOL tPCP.PVS 
>O.FCCUL»PS*tV»FTOf»xPSr tXPS*A^'rtXUt>'r«.7P»XFM«<Fhi.j»T 
rUE LF * IFC'-.UE .T TOT tviELcO.CtUE » VX .V / »PL'’. vPL* V« • ♦UPA" . jL**" 

A?^/3A-Sa79 KFvON ACTL-ICS ►CuEL / ll.eS.TS 

S'^alL STGNAL ►PEOUtKCT Ru^RCnSE 
CDELF.CMCELL* 

FUFVOA POSIfIfM JEURFFS 
rOELFC 
T »XF?0 

ELFVCA K4fF OFOOEES/SFUONC 
I 

TOPOiiEP PCTrB CU^-^E-xT millIappS 
XPS 

POwEP SPOCt «-OSITTO>N iACt-E' 

r.L 

loao fcc*» cuPir iNCPFs / SFCcwf) 

PL 

load cPESSUcE LdS/SCL'U'E Iacu 
PS 




label C»OPPfcC SljPi;L> PkESSLRP L«?/‘>00A«E INCH 
OUTPUT PI 

LABEI SFrOACAPV OfLT/. > TE'iSURt FEFCP4CX LHS/SUUAWt. IMH 

nuTpiji FTPfXFP 

LABEL ACTUATCM POefMCN iNCPtS 

LABEL ACTUATCR POelTfCN FLECFACK INCHES 

OUTPUT *S 

LABEL StrONUAWy V^LVf POSITIC'^ UC^FS 

print vci .xStxCf xPcr»xps.xRinr.FLf,otCCFLt»v2 
END 
STOP 


w 

'-I 



APPENDIX C 


VIEWGRAPHS 
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ELEVON ACTUATOR MATH MODEL 
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ROCKWELL MODEL 2 



SECOND STAGE VALVE 
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IMPLEMENT ATION MODEL 
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A » B 
C * A 

• • 

C - B 


VERIFICATION METHOD 
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C-10 



TORQUE MOTOR CURRENT (MILLIAMPERES) 


OUTBOARD ELEVON STEP RESPONSE 


12/76 






POWER SPOOL DISPLACEMENT (INCHES) 


OUTBOARD ELEVON STEP RESPONSE 


12/76 



TIME (SECONDS) 






LOAD FLOW (CUBIC INCHES PER SECOND) 


OUTBOARD ELEVON STEP RESPONSE 


12/76 



TIME (SECONDS) 




OUTBOARD ELEVON STEP RESPONSE 

1?/75 





ELEVON PANEL RATE (DEGREES PER SECOND) 


OUTBOARD ELEVON STEP RESPONSE 333 

12/76 



0 0.1 0.2 0.3 0.4 0.6 


TIME (SECONDS) 






ELEVON POSITION (DEGREES) 


CXJTBOARD ELEVON STEP RESPONSE 


12/78 



0 


0.1 


0.2 


0.4 


0£ 


TIME (SECONDS) 


0.3 



TORQUE MOTOR CURRENT (MILLIAMPERES) 



2 . 3 . 4 . 5 . 


TIME (SECONDS) 






^P, (POUNDS PER SQUARE INCH) 



TIME (SECONDS) 






POWER SPOOL DISPLACEMENT (INCHES) 


OUTBOARD ELEVON LARGE AMPUTUDE RESPONSE 


12/75 



TIME (SECONDS) 




LOAD FLOW (CUBIC INCHES PER SECOND) 


105 


75 


45 


15 


-15 


-45 


-75 


-105 



2. 3. 4. 6. 


TIME (SECONDS) 








LOAD PRESSURE (POUNDS PER SQUARE INCH) 


OUTBOARD ELEVON LARGE AMPLITUDE RESPONSE 


12/76 



TIME (SECONDS) 









ELEVON POSITION (DEGREES) 
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TIME (SECONDS) 







ACTUATOR POSITION (INCHES) 


OUTBOARD ELEVON LARGE AMPUTUDE RESPONSE 


12/76 



TIME (SECONDS) 




VELOCITY GAIN 

INCHES PER SECOND/MI LLI AMPERES 



UPPER 

GAIN 

BOUNDARY 


LOWER 

GAIN 

BOUNDARY 


ACTUATOR LOAD 
(xIOOO) POUNDS 


MODEL 1 

OUTBOARD ELEVON 


12/75 


C-39 



VELOCITY GAIN 

INCHES PER SECONO/MILLIAMPERES 


SERVOACTUATOR SPECIFICATION 



ACTUATOR LOAD 
(xIOOO) POUNDS 


MODEL 2 

OUTBOARD ELEVON 

033 

12/75 


C-40 



C-4 


0 


GAIN 



1 


2 


5 


10 


100 




IUN0NO47S 





C-44 



CM t AP P/^I 


933 

skvircMi/Jc 

(TYP) pa/kt q 


/2.-S- 7S 








C-45 


+15 Vcc 



MODE CONTROL CIRCUIT (TYPICAL) 


LEC/HH 
;g- 3-75 
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+ Vcc 



OPTO- ISOLATOR CIRCUIT (TYPICAL) 
MODB/FAULT INSERTION 


LtC/HH 

IZ-3-75 



C-48 



< 

< 

< 

P05irroiJ/AcceLLeisA7iofJ 



C-49 


250 MH 



FROM 

AS/ 


> 






BLEVON ISOLATION VALVE 
ASA/SAS INTERFACE 


TO SAS 
CIRCUITRY 


^ 9 ^ 
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6 January, 1976 
6C-5479-620 

TO : 

H. Shelton 
NASA-JSC/EG5 

FROM : 

J. C. Barr 
LEC-ASD/C08 

SUBJECT ; 

DEVELOPMENT OF MODEL FOR ELEVON 
CONTROL VALVE MODULE 

REFERENCE : 

MINUTES OF MEETING, SHUTTLE ACTUATORS 
COORDINATION WORKING GROUP, DEC. 10, 1975 


The SAS design reviev/ for the Eleven resulted in several action 
items. Item 2 involved anomalies in the implementation model 
APs time history trace for various inputs.' Resolution of this 
item was assigned to J. Barr. 

This document presents the method and results for resolution 
of action item 2. The paper contains two parts (1) the devel- 
opment and verification of a reduced model, and (2) a comparison 
of this reduced model with the implementation model that was 
presented in the design review. The new reduced model will add 
a slight degree of complexity to the hardware control valve 
module mechanization. 

The anomalies were concerned primarily with the ramp (constant 
current) input. Mr. Jack Hoke, of Rockwell International, 
maintained that the APs trace should be very similar for the 
full-up and reduced models. In order to resolve the discrepancy 
it was decided to redevelop the reduced model, with additional 
checks at each stage of the reduction. 

The reduction was accomplished in three steps. The first step 
eliminated the second stage valve dynamics. The second step 
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removed the flapper valve lag time. The third step added a 
first order lag to Xs. The full-up model and its response is 
shown in figure 1. The peak pressure is 34.8 psi. 

The first reduction affected Xs, secc.J stage valve position, 
and its velocity. The dynamics and stiction were eliminated, 
as was the flow feedback term to the flapper valve. The resulting 
control valve model and its step response is shown in figure 2. 

The peak pressure is 138 psi. at the time of the step input. 

Within 40 msec the response has settled to the full-up response. 

The second reduction affected Pn, flapper valve pressure. The 
fi *st order lag was eliminated. The resulting control valve 
model and its response is shown in figure 3. The peak pressure 
is 196.4 psi at the time of the step input. Within 40 ms^C the 
response has settled to the full-up response. 

The final step affected Xs , second stage valve displacement. 

A first order lag term is added to improve the rate response. 

The secondary pressure spike of 196.4 psi shown in figure 3 
has been reduced to 88.4. The resulting control valve model and 
its response is shown in figure 4. 

# 

Figure 4 is the recommended implementation model. The remainaer 
of this paper presents a comparison of the model of figure 4 and 
the implementation model prf.sented at the design review on 
December 10, 1975. 
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Figure S is the implementation model that was presented at 
the Eleven design review. Figures 4 and 5 look quite different 
in the region of the flapper valve. Redrawing the flapper 
region of figure 4 and combining cascaded gains: 



For the implementation model, figure 5, KQS was chosen by a 
small signal reduction which eliminated the XF limiter. The 
combined KQS and Kps were thus: 


KQS - ZCi(A„-Ac) , . ' . . . . (1) 

Kp<C2Ko+C3+2Cl‘-NAN> 


KPS » Ac 

1 ^ 

And by the small signal assumption 
cant to the model performance. 


.... ( 2 ) 

the XF limiter is insignifi- 
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Large signal analyses run via computer programs demonstrated 
that the small signal assumption was invalid and the XF limiter 
was significant to the model. It is recommended that the im- 
plementation model be changed to that of figure 4. 


CL . 

J^ian C. Barr, Senior Engineer 
Flight Controls Section 


CONCURRENCE : 


Swan D. Person, Job Order M< 


Flight Controls Section 


Manager 


JCB/lj 

cc: LEC/J.C. Bergnmann 
EG5/T. E. Lewis 
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